Introduction
The recovery of the record of secular variations of the geomagnetic field for recent millennia has relied heavily on the results of palaeomagnetic studies of archaeological relics such as kilns and pottery. Measurements of the geomagnetic field vector have thus been made at sites in many parts of the world, e.g. Europe (Bucha 1967; Thellier & Thellier 1959) , USSR (Burlatskaya, Nechaera & Petrova 1965) , N. America (Bucha et al. 1970) , Japan (Hirooka 1971) , S . America (Kitazawa & Kobayashi 1968) . However, it is unlikely that continuous records will ever be assembled from such data because civilizations neither developed without interruption in any one region nor at ' observation points ' suitably distributed over the globe at any one epoch.
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Continuous records of the changes in direction of the post-glacial geomagnetic field have been obtained from rapidly deposited lacustrine sediments from northern Europe and North America (Mackereth 1971; Thompson 1973; Creer, Gross & Lineback 1975) and somewhat beyond this from lacustro-marine (Creer 1974 ) and marine (Opdyke et al. 1972) sediments. These palaeomagnetic records have to be calibrated with carbon 14 ages.
Cave sediments sometimes contain archaeological evidence and in this paper we evaluate their potential use in studies of the ancient geomagnetic field. Our preliminary studies of short sequences (Kopper & Creer 1973; Creer & Kopper 1974 ) encouraged us to investigate thicker sequences and we now describe results representative of the last 50 000 years in the Mediterranean region.
Since we only have an imperfect understanding of the processes by which remanent magnetization (NRM) is acquired by unconsolidated sediments (Creer et al. 1972) we have concentrated on investigating changes in direction of the field rather than palaeointensity. Nevertheless we shall consider how various magnetic parameters (J, remanent intensity; k, susceptibility; Q-ratio, intensity/susceptibility) can help refine archaeological controls.
Specimens for palaeomagnetic measurement were collected in square polystyrene containers of 20 mm side and 16 mm depth. Natural remanent magnetization (NRM) was measured using a ' Digico ' fluxgate magnetometer. The coercivity spectrum of a representative set of specimens was determined by progressive demagnetization in 300 Hz alternating magnetic fields, electronically ramped to zero. Low field susceptibility was measured using a ' Digico ' inductance bridge. Finally, plots of the various magnetic parameters were produced by computer.
Cave sediments
At least two distinct sedimentary regimes named ' entrance ' and ' interior ' facies are clearly recognized in caves (Kukla & LBzek 1957) .
Entrance facies deposits often contain datable artifactual or palaeontological remains. Cave-wide cycles of erosion, clastic deposition, stalagmitic formation, calcite re-solution and erosion have been recognized (Sweeting 1973) and may correlate with climatic cycles (Geology Today 1974) . Sedimentation rates, including hiatus and removal episodes, have varied from 0.25 to 1 .O mm/yr over the past 50 000 yr in the Mediterranean region (Kopper 1972) .
Interior facies sediments, on the other hand, are beyond the reach of surface weathering and accumulate or disperse only under hydrological controls (Reams 1972) . They are characterized by low sedimentation rates, uniform temperatures, high humidities (85-100 per cent) and a sparse and unique biota, the biomass in one deep cave zone having been estimated at 20-30 g ha-' (Karkabi & Ziade 1973, private communication) . Clays predominate and sometimes occur in bands with silts and sands suggesting that sedimentation was controlled by annual or possibly longer period precipitation cycles.
Palaeomagnetic studies of both interior facies (Section 3) and entrance facies deposits (Sections 4 and 5 ) are described in this paper.
Upper Jeita dry cave

Description of the cave
The Jeita cave system is developed in Jurassic limestone at an elevation of 160 m on the flank of the Nahr el Kelb valley at 33" 55' N and 35" 38' E (Fig. 1) . It carries an underground river which is exploited as a water supply for the city of Beyrouth. The upper dry cave, a solution cavity, was discovered for the first time a few years ago when drilling was being carried out to develop this resource (Fig. 2) .
The sediments consist of clays and sands derived mainly from the surface deposited in thick layers under water entry points in the roof. The highest point on the floor of the cave was selected for sampling ( Fig. 2) to ensure that post-depositional disturbances would be minimal. A 2-4-m section was excavated down to a thick travertine floor (Fig. 3) .
Archaeological controls were sought for reIative dating. A succession of redblack-red-yellow layers, a single sequence measuring from less than 1-5 mm, were identified. The black layers may be ascribed to removal of vegetation at the land surface by man and represent incipient agriculture (Wright 1968) . Field clearing by burning was almost certainly practised circa 8500 BP, the time of the known beginnings of agriculture in the region. Alternatively they may represent burning of the cover during animal drives. In any case, they can only be accounted for by the manipulation of the environment by man. The red layers seem to be terra rossa which were liberated for removal by rain, first by a preliminary cutting of surface cover followed by a burning of the remaining vegetation.
Palaeoclimatic controls are less obvious. The red clays at the base of the section appear to be the residual terra rossa of the surface and could have been freed for hydraulic transport underground at about the time of the last glacial maximum in Europe circa 16 000 BP (Geology Today 1974). Alternatively they may not be directly related to the Alpine and Northern European glacial stade but rather to sharply increased rainfall that redistributed pre-existing red surface soil. The travertine floor under the red clay at Jeita being directly associated with wet periods strengthens the latter interpretation. A wet period in the Near East has been proposed between 14 000 and 11 000 BP (Fairbridge 1969) . The local sequence of wet-dry/warm-cold weather may vary greatly from this general model however (Farrand 1971) .
The clearly delineated medium sandy clay overlying the red clay between 1 -90 and 2-35 m may be associated with the synchronous rise in world-wide sea levels following the climatic amelioration in northern latitudes. The water table, under nearby sea-level control, was then about 130 m lower than at present (Geology Today 1974) and higher velocity vadose zone water could be expected to deposit coarser sediments. Similarly sandy clay intervals higher in the column may indicate oscillations in sea level as reflected by the water table during post-glacial times and are approximately synchronous with high and low sea stands (Fairbridge 1969 ).
Hence we conclude that the section sampled for palaeomagnetic study may run back from the present time to 14 000 or possibly 16 000 BP.
3,2 Palaeomagnetic measurements
A vertical cut was made at the highest level of the deposit and three boxes, each 0-96 m long, were used to remove continuous sections of sediment for later sampling in the laboratory. The azimuth of the (vertical) face of each of the three boxes was measured before removal to enable us to relate the palaeomagnetic declinations to geographic north. Fig. 4 . Along the length of the sampled section there are seven complete oscillations of declination (maxima and minima labelled ' a ' to ' n ' ) and about four complete oscillations of inclination (labelled ' A ' to ' I '). Progressive alternating field demagnetization of a number of representative specimens in steps of 30 Oe up to 270 Oe (Fig. 5 ) showed that typically the NRM intensity was reduced to one half by a demagnetizing field of 120 Oe and that 60 Oe was sufficient to obtain the stable direction of remanence. All specimens were then demagnetized in a peak field of 60 Oe. The declination and inclination logs are shown in Fig. 4 next to the NRM logs. Notably, the mean inclination for the whole section decreases from 61" (NRM) to 44" after cleaning in 30 Oe peak AF field to 43" (60 Oe). This suggests that the sediments somehow acquired a secondary ,magnetization in a field inclined more steeply to the horizontal than either the axial dipole field (53") or the present geomagnetic field (50") in Lebanon.
NRM intensity (J), susceptibility (k) and Q-ratio plots are shown in Fig. 6 . Variations in susceptibility through the section show no obvious correlation with stratigraphy except for an increase in the red clay at the bottom. The average value is about 100 p G Oe-l. NRM intensity is more variable, though the general trend of the log follows susceptibility. Values lie mainly in the range 10-100 pG. Values of Q, mainly less than 0.5, are lower than those observed in lacustrine deposits, typically greater than 1 (Creer 1974 ; Creer e l at. 1975). 
Arbreda Cave
4.1 Description of cave Arbreda Cave (Cova dels Arbreda) stands in the southern Pyrenees ( Fig. 7) at an elevation of about 180 m as part of the collapsed cave system known as the Coves de Sirenya, Sirefia, Catalonia, at 42" 10' N, 2" 42' E.
The sediments, of entrance facies, appear to have been laid down by both aolian and hydraulic action. They were sampled from the vertical face of an 8 . 8 m deep trench. Layers of heavy eboulis derived from the entrance overhang during cold periods are found at depths of 9 m, 7 m, 6 m, and 3 m ( Middle and Upper Palaeolithic (Brose & Wolpoff 1971) . On the other hand, definite or possible hiatus, removal or redistribution episodes have been revealed in stratigraphic sections spanning this interval at about 20 well-reported sites, mostly in cave entrances (Lynch 1966 ). It appears that at Arbreda the critical transition sediments and artifacts are missing or mixed.
A candidate for climatic control of such an interlude is the Wiirm glacial stade at 36 000 BP (Geology Today 1974) which could be represented by one or more of the eboulis layers at 5.8 my 6.4 m or 6.9 m. Provisionally, we interpret the stratigraphy to indicate a wet period circa 40 000-35 000 BP with the stony layers at 6.4 m and 6 * 9 m representing the climatic deterioration during this interval.
At 8 -2 m a darker coloured stratum with evidence of light occupation rests unconformably on a lighter deposit that shows heavier occupation and we infer a distinct removal episode from the unconformity. At the base of the section (8 75 m) another stony layer is thought to represent an earlier, less severe Wiirm glacial stade circa 52 000 BP. We associate the extremely heavy eboulis layer at 3 m with the Wiirm glacial maximum circa 16 000 BP.
Palaeomagnetic measurements
One hundred and fifty-seven individually orientated specimens were taken from depths between 4.89 and 8.33 m. Difficulties in sampling were encountered between 5.03 and 5.11 m and above 4.89 m.
The NRM directions showed appreciable scatter. Progressive AF demagnetization was carried out on representative specimens in steps of 30 Oe. The median destructive field was found to be around 70 Oe as illustrated in Fig. 9 by results for specimens from depths 7-24, 7.32 and 7.41 cm. All specimens were then cleaned in 30, 60 and respectively. An emerging pattern of declination oscillations between about 30" W and 30" E of N in the depth range 5-5-8.0 m is best revealed at the 60 Oe stage of demagnetization for which the peaks are labelled ' a ' to ' h '. Increased scatter is observed at the 120 Oe stage but this may be at least partly attributed to movement of the specimens in their plastic boxes caused by progressive shrinkage on drying out during storage. The average inclination is close to the axial dipole field value of 61" though noticeably low values are registered at about 6.5 m and below 8.5 m.
The overall precision lc of about six computed for the whole population of directions is equivalent to a circular standard deviation of about 30" and considerably greater than the 12" obtained by rotating the present isogonic and isoclinic lines about the geographic axis (Creer 1962) . We feel however that the high scatter should be attributed to poor recording properties of the sediment rather than to large geomagnetic secular variations.
Variations of intensity, J, susceptibility, k, and J / k (Q) are shown in Fig. 12 .
NRM intensities fall in the range of 0.3-20pG and susceptibilities in the range 5-50 pG Oe-l. Q-ratios are slightly lower than measured for the Jeita Cave sediments. The sharp change in intensity and susceptibility at 8.2 m coincides with an unconformity recorded at this depth (Section 4.1).
Hermits' Cave
Description of cave
Hermits' Cave (Cova dels Ermitons) is located at 500-m altitude in the southern flanks of the Pyrenees near Castelfullit, Catalonia, Spain at 42" 16'N, 2" 34'E (Fig. 7) . The chamber, which consists of a single passage about 110 m long developed in Jurassic limestone, lies at a fairly steep angle of 8" and seems to have carried a free-surface stream during considerable periods of time in the Pleistocene.
A trench cut to a depth of 2.86 m at 8 m inside the entrance (Fig. 13 ) revealed archaeological layers representing occasional human occupation in the Middle Palaeolithic and Neolithic periods. Several Mousterian tools were collected from near the top (1 *46 m depth) of the lower stratigraphic unit which consists of steeply tilted (35" to 45") sands and silts with alternating ash levels seemingly deposited by stream action. Above this unit to the top of the section the sediments appear badly disturbed in places by water action and contain cobbles and gravel making it unsuitable for palaeomagnetic sampling. The lower unit (1.46 to 2.86 m depth) was sampled, the object being to enquire whether the Middle Palaeolithic occupation could be pinned down to some specific point during the Mousterian period (1 10 000 to 40 000 BP).
. 2 Palaeomagnetic results
Fifty-two specimens were taken from the lowest 1.40m of the section. The sediments consisted mainly of clay and sand with occasional layers of volcanic ash.
Progressive AF demagnetization of representative samples moves the RM directions away from the area of the axial dipole field direction (Fig. 14) . Some of the demagnetization curves show an initial increase in RM intensity indicating that primary and secondary components of magnetization oppose one another, and since the secondary component parallels the present field direction the true primary direction must deviate strongly from the well-settled normal field direction in these cases. RM directions measured before and after AF cleaning in 60 Oe peak field show very large amplitude variations (Fig. 15) . After AF cleaning the mean declination is not significantly different from true north, but nearly all the inclinations are considerably lower than the axial dipole field for the site (61") and some of them are negative.
Plots of NRM intensity J, susceptibility k, and Q-ratio (J/k) are presented in Fig. 17. 6 Discussion of results
Comparison of magnetic properties of interior and entrance facies
exterior facies cave sediments will have been noted in the foregoing:
The following essential differences between the magnetic properties of interior and (i) the susceptibilities of the interior facies sediments are between 3 and 60 times higher than those of the exterior facies; (ii) the scatter of NRM directions is greater for exterior facies sediments than for interior facies; (iii) the median destructive alternating magnetic fields measured for interior facies samples (c. 120 Oe) are higher than those for exterior facies samples (c. 55 to 75 Oe). The last two differences are fairly easily explained. The influence of surface weathering and human occupation on the entrance facies and the absence of burrowing animals from the interior facies must contribute to the observed smaller scatter of RM direction and intensity observed for Jeita Cave as compared with Arbreda and Hermits' while the higher clay content and generally finer grain size of the interior facies sediments is reflected by their greater magnetic stability to AF demagnetization. The remainder of this section is concerned with the first observed difference. Iron compounds are ubiquitous in all cave sediments as the insoluble residues of carbonate rock weathering and they undergo various diagenetic processes according to their location within the cave (Broughton 1972) . Typical diagenetic agents in the underground environment are bacteria, actinomycetes, fungi and ultra microscopic forms (Caumartin 1963) . Aerobic iron, sulphur-oxidizing and nitrogen-fixing bacteria populate the interior zones where organic food supplies are deficient, obtaining their energy by simple oxidation of inorganic material. Preferring a clay substrate, high humidity and constant temperatures, bacteria convert ferrous carbonate to ferric hydroxide in the host clay beds and this is then transformed to limonite and finally to one of the ferric oxyhydroxides such as lepidocrocite (y FeOOH) or goethite (a FeOOH) (Hedley 1968) . A competing microflora, characterized by iron reducers and organic synthesizers, occupies those parts of the cave communicating directly with the surface because of the presence of a large proportion of organic material. The net effect is the formation of ferric compounds in the deep-interior and ferrous compounds in the entrance which leads us to expect to find differences in magnetic properties of interior and entrance facies sediments.
Another reason why interior facies sediments would be expected to register higher susceptibilities and NRM intensities than entrance facies sediments is that clays which retain more diagenetic iron than coarser sediments predominate in the interior but are scarce in the entrance.
On the oscillatory pattern of variations in dedination and inclination
We have pointed out that some of the observed patterns of declination and inclination palaeosecular variations are oscillatory, e.g. declination at Arbreda and both declination and inclination at Jeita, while others are not, e.g. inclination recorded at Arbreda. This conforms to the general picture emerging from palaeomagnetic studies of post-glacial sediments. For example at Lake Michigan (USA) declination oscillations of period about 2000 yr are observed while variations in inclination do not conform to a periodic pattern ) and at Lake Windermere (UK) regular oscillations of declination with a period of about 2800 yr (Thompson 1973) have been recorded but again no inclination oscillations are observed. However oscillations in inclination with period 2800 yr were observed at Black Sea station 1474 (Creer 1974) . Creer et al. (1975) considered a model in which the observed patterns of variations in geomagnetic field direction are attributed to oscillations of a number of off-centre radial dipoles (Fig. 17) which Alldredge & Hunvitz (1964) introduced to describe the global pattern of the present-day non-dipole field. Long period secular variations of the type under discussion would then be the result of the summed contributions from each of these oscillating sources. The patterns observed at any particular geographical location would be determined by the position of the recording site relative to the distribution of sources in the Earth's liquid core. Rarely, we should expect to find that the effect of one particular oscillating source dominates the observed pattern of either declination or inclination variations so producing a nearly sinusoidal pattern as observed in the declination recorded at Lake Windermere. In general, however, we would expect to find indications of the presence of more than one period in the magnetic variations recorded as a function of time. At some observation points, the effect of one of the Alldredge-Hurwitz (A-H) oscillating sources might be only moderately stronger than the next strongest. In such cases one would expect to observe oscillations of variable amplitude and with imperfectly formed maxima and minima, principal maxima sometimes containing subsidiary minima (or vice versa).
N e o l i t h i c
With this model in mind, we now proceed to discuss the patterns of directional variations recorded at the three caves. 
Variations in D and I at Jeita Cave
In Section 3.1, a discussion of archaeological and palaeoclimatic evidence derived from the sediments led us to conclude that they were probably deposited during the last 14 000 or 16 000 yr.
The general form of the pattern of inclination oscilIations appears similar to that observed at Black Sea station 1474 (Creer 1974) . When traces of the two records are observed side by side it is impossible to deduce the precise correspondence of pairs of swings. Taking the available controls over the dating of the Jeita section into account, the correlation presented in Table 1 and Fig. 18 appears possible. It dates the topmost sample taken from the Jeita section at about 1000 BP, which is consistent with the continuation of deposition of sediment through to modern times: it dates the base of the red-black-red-yellow coloured-layered sequences of sediment at about 7000 BP and it dates the lowest sediment, immediately overlying the travertine floor at about 13 000 BP.
We note, however, the presence of a small subsidiary maximum within the minimum labelled ' E ' and it is not obvious whether this should be attributed to a second oscillating source (see Section 6.2) or whether it should be counted as one of the principal oscillations in which case the lowest sediment would date from almost 16 000 BP. Jeita Cave (Lat. ---33.9" N; Long. = 35.6" E) is about 1000 m distant from Black Sea station 1474 (Lat. = 42.3" N; Long. = 37.6" E). Any attempted correlation of the two magnetic inclination records implies that the geomagnetic field variations were closely similar and almost synchronous at the two localities. Since the two sites are situated virtually on the same meridian, any secular variation model invoking westward (or eastward) drift would not be discounted by a high degree of correlation in this particular case. For other reasons, however (Creer 1974; Creer et al. 1975 ), we think we should consider rather a model of fixed but oscillating A-H dipole sources. On the basis of such a model, we should expect to find some differences between two essentially similar patterns caused by the diflerent geometrical relationship between the distribution of A-H dipole sources and the respective ' recording '
stations.
The average rate of deposition of the Jeita Cave deposits obtained from the ages, estimated by counting the inclination swings as they are labelled and correlated in Fig. 18 , is 21 cm per 1000 yr. The period of the associated declination oscillations comes out at about 1700 yr. Unfortunately we cannot check this period by direct measurement of the declination record obtained from Black Sea station 1474 because this core had been cut into sections with consequent loss of azimuthal orientation before it was decided to take palaeomagnetic samples.
. 4 Variations in D and I at Arbreda Cave
We have identified at least five complete periods of declination oscillations in the Arbreda record. Arbreda Cave (Lat. = 42.2" N; Long. = 2.7" E) lies almost on the same meridian as Lake Windermere (Lat. = 54.3" N; Long. = 2.8" W). The two localities are some 1400 km apart. The same A-H dipole (No. 3, Fig. 18 ) constitutes the principal source of perturbations of declination at the two sites. Hence it is reasonable to consider the consequences of assuming that declination oscillates with the same period as observed at Lake Windermere (Mackereth 1971; Thompson 1973) , namely 2800 yr. On this basis we find that the whole of the sampled section should represent about 14 000 yr. This gives us an average rate of deposition of 22 cm per 1000 yr which could be too high since it is possible that some of the oscillations of the principal A-H source that actually occurred while the sediments were being deposited were not recorded properly. It is possible that the form of the ' missing ' oscillations may have been rendered indistinct in certain horizons by out-of-phasecontributions from other individually less effective A-H sources (see Section 6.2). Alternatively portions of the record could be missing due to hiatus. Bearing these limitations in mind, let us consider the palaeomagnetically determined rate of deposition in the light of our discussion in Section 4.1 of the age of the sampled section. Using our estimated ages of 52 000 BP for the stony layer at 8-75 m depth and 36 000 BP for the middle of three stony layers at 6 . 4 m (which also marks the top of a zone of low susceptibility) we obtain an average rate of deposition of about 15 cm per 1000 yr for the lower ' half' of the sampled cutting. If we associate the glacial stade at 36 000 BP with the upper stony layer at 5 . 8 m instead of with the middle stony layer at 6 -4 m, the average rate of deposition becomes 18 cm per 1000 yr, somewhat closer to, but still appreciably less than the 22 cm per I000 yr obtained above from palaeomagnetic considerations. Using the estimated age of 16 000 BP for 3 m depth which was associated with the Wurm glacial maximum we obtain an average rate of deposition of 16 cm per 1000 yr for the whole section.
If we suppose that we have failed to recognize one complete declination oscillation, the palaeomagnetically calculated rate of deposition would fall to about 18 cm per 1000 yr from 22 cm per 1000 yr; if two complete oscillations have been missed it would fall to about 16 cm per 1000 yr, in reasonable agreement with rates of deposition deduced by associating the stony layers with glacial stade.
Inclination values at Arbreda (Fig. 11) are contained mainly between 50" and 70" with a mean very close to the inclination of the axial dipole field at the site. However we would draw attention to zones of shallow inclinations observed (i) between the two stony layers at 6.4 and 6-8 m depth, and (ii) in sediment below the unconformity at 8.2 m depth. Assuming an overall average rate of deposition of 18 cm per 1000 yr (see above) and an age of 52 000 BP for the stony layer at 8.75 m depth (Section 4 . l), we obtain a date of about 49 000 BP for the unconformity at 8.2 m and the stratigraphically lower sequence of shallow inclinations would have been recorded during the interval from 49 000 to sometime prior to 52 000 BP. Similarly the stony layers at 6.4 and 6.8 m bounding the other zone of low inclinations would be dated at 39 000 and 41 000 BP. We note that Opdyke, Shackleton & Hays (1974) have reported a geomagnetic excursion at about 40 000 BP in a core from the Indian Ocean.
The question arises of whether these zones of shallow and sometimes negative inclination should be regarded as geomagnetic excursions. If so, they would constitute marker horizons of great potential use for correlation purposes and ultimately for dating. If geomagnetic excursions are global phenomena the ' Mungo ' excursion recorded in Australia at between 26 000 and 30 000 radiocarbon years BP (Barbetti & McElhinny 1972) should appear in the,depth range 4.1-4.8 m in the Arbreda section assuming as above an average deposition rate of 18 cm per 1000 yr. Unfortunately it was not possible to take satisfactory samples at these horizons because of the unsuitable physical properties of the deposit.
Variations in D and I at Hermits' Cave
The main problem is whether the large amplitude variations in direction should be interpreted as evidence of a geomagnetic excursion at the time of deposition or whether they could have been produced by water flow, slumping or by some other cause not related to the geomagnetic field.
We are satisfied that the attitude of the sampled sand and silt layers which dip at 35" to 45" to the horizontal (Fig. 13) dates from the time of deposition. Hence we must enquire whether the RM direction acquired by sediment deposited on such a steeply sloping surface could be parallel to the ancient geomagnetic field direction. In this respect, we note that the mean direction of the horizontal component of magnetization for the whole section is between 2" and 3" east of geographic north indicating that the RM direction was not influenced by water flow in the direction of drainage along the axis of the cave at N 114" E. We think that the remanent magnetization must be post-depositional in origin so that the effects, for example, of grains rolling down the slope of the sediment-water interface must have been subsequently obliterated. Redeposition of the sediment would probably have produced a much more random pattern of directions than observed. Q-ratios fall mainly in the range 0.1-0.2 for the Hermits' Cave section as compared with values lying mainly between 0.2 and 0.3 for Arbreda. In both caves the values are low, possibly a consequence of an inefficient magnetization process. The slightly lower values at Hermits' Cave could have resulted from partial destruction of the initial NRM by subsequent reworking of the sediment or they could reflect weak geomagnetic field intensities.
On balance, we are inclined to favour the interpretation that the Hermits' Cave section provides a record, albeit a rather poor one, of a geomagnetic excursion at some time within the Mousterian period, that is between 100 000 and 40 000 BP.
Geomagnetic excursions can be accounted for by the model of the field briefly described in Section 6.2 by allowing the intensity of the main dipole to decrease. The oscillating off-centre Alldredge-Hurwitz (A-H) dipoles will then produce large amplitude perturbations in the direction of the local field and occasionally, when the relative strength of the main dipole is sufficiently weak, make the dominant contribution to the total field.
This being so, we require that the length of time represented by the geomagnetic variations recorded at Hermits' Cave be very much less than that represented by the sampled sections at Arbreda and Jeita Caves. If we are correct in our suggestion (Section 5.4) that the two zones of low inclination recorded at Arbreda should be interpreted as compressed records of geomagnetic excursions, we may deduce that these phenomena may typically persist for perhaps 3000 yr. Since the Hermits' Cave section is about 1 * 5 m thick, a rate of deposition of the order of 50 cm per 1000 yr is implied. Furthermore we might add that we should expect to find good records of geomagnetic excursions only in sediments deposited at least at this rate. This is simply because the overall picture that has emerged from palaeomagnetic studies of Quaternary rocks is one in which the geomagnetic field has essentially maintained axial dipole symmetry, and the integrated time occupied by geomagnetic excursions can only be a small fraction of the whole Quaternary.
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